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About me

| am an environmental and development
economist and currently a post-doctoral scholar
in the Center on Food Security and the
Environment at Stanford University.

| am affiliated with the labs of David Lobell and
Marshall Burke. In September | will begin as an
Economist in the Development Economics
Research Group at The World Bank.

| received my PhD from Harvard University
where | was a Harvard Environmental
Economics Program pre-doctoral fellow and a
PhD affiliate of Evidence for Policy Action as well
as an EPA STAR Fellow.
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Workers are people

The fundamental health threats to workers from
climate change are the same as those faced by
everyone else.

« Heat exposure

Dehydration

*  Chronic kidney disease

Complications from exposure to air pollution
* Increased exposure to vector borne diseases
* Increased exposure to weather extremes

There are some new work specific hazards:
Exposure to new chemicals
New, potentially hazardous, physical processes




Average hours per day spent in selected activities on days worked by employment status and sex, 2019
annual averages

What makes work different? Segoeen...  Smmsen.. @@ ..
mployed part time, women

There are at least three reasons why the impacts Personal care, including sleep

of climate change on workers specifically matter.

Eating and drinking

Household activities

1. For many people their place of work will be

where they spend the vast majority of their Purchasing goods and services
time. A |

Caring for and helping household

members

2. Workers often have little control over their work = o s

e I’lVI rO n m e n tS . Working and work-related activities

 80% of American workers cannot choose
where they work (Maestras et al. 2015).

Educational activities

« Many workers will be limited in their ability to =~ em=erene. e and =lae
engage In adaptlve b@h&VlOf Leisure and sports

* Firms might not want to.

Telephone calls, mail, and e-mail

Other activities, not elsewhere classified

3. Some work environments exacerbate existing
hazards of climate change. 00 20 40 6.0 80 100

Hours

Data for men employed part time do not meet publication criteria.
Hover over chart to view data. ‘
Source: U.S. Bureau of Labor Statistics. —_
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Workplaces can exacerbate existing hazards

« U.S.: 66% of workers without a BA are exposed to extreme temperature at work
(RAND 2017).

«  67% of US workers have jobs that require substantial physical exertion at least some
of the time.

* Globally there are 1.1 billion agricultural workers, 200 million construction and
landscaping (World Bank, 2017).

Nl S
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Workplaces are dangerous even apart from climate

Chart 1. Incidence rate of total recordable cases, private

change

In 2019 there were 2.8 million nonfatal
Injuries at places of private
employment reported to the BLS.

Nearly 900K of these required the
injured party to miss at least 1 day of
work.

Manufacturing was the leading industry.

Compare this to only 423 deaths
directly attributable to heat from 1992-
2006 (CDCOC).

industry, 20010-19
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Chart 2. Incidence rate of days away from work cases and job
transfer or restriction only cases, private industry, 2010-19
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Workers are people

Chronic kidney disease

Increased exposure to vector borne diseases
Increased exposure to weather extremes
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What is the magnitude of non-heat workplace climate health risks?

Vector based diseases Extreme Weather

. About 35K | di total « Around 20% of injuries are directly related to extreme
ou yme disease cases total per weather. But many of these are related to cold, which

year are likely to decline (Dillender 2019)
*  Other vector borne diseases identified by o _
the NCA as likely to increase due to climate Chronic Kidney Disease

: : * Not yet a major problem in the United States.
change are not an appreciable threat in the oL Yet a major pro .
US « Itis a major threat in some Central American

countries.

Projected Changes in Tick Habitat

Establishment Probability (%)

B B ] N

0-19 20-39 40-59 60-79 80-99

Figure 9.5. The maps show the current and projected probability of establishment of tick populations (Ixodes scapularis) that transmit

- ? ."4
Lyme disease. Projections are shown for 2020, 2050, and 2080. The projected expansion of tick habitat includes much of the eastern ) "’ b
half of the country by 2080. For some areas around the Gulf Coast, the probability of tick population establishment is projected to 4
decrease by 2080. (Figure source: adapted from Brownstein et al. 2005™) .
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Workers are people

Heat exposure
Dehydration




Pathways of heat's impact

Acute Heat stroke
— heat —_ disease and —_—
stroke death
Clinical
damage Disease and
i to organ Subacute premature death
External physiological = function — or  _5 duetolong-term
heat changes chronic excessive heat Negative
exposure (e.gfsﬁ?dsﬁey exposure impact on the
A di;ease} population
Prolonged time health status
l for housework
— Heat — tasks (less time
—»  stress Reduced —> to care for —
physical dependents)
—>»|  activity
\d capacity » Reduced travel by
Internal “active transport”
Heat strain: or exercise
rogﬁiiion psychological (increased ‘L
P changes = Diminished Incrgased obesity risk)
human accident
performance —» risk —>» Occupational and
capacit otherinjuries — .
pacty J Negative
impact on the
- community
Reduced —» Reducedwork . economy
work productivity and
capacity individual
economic output
Figure 1

Framework of causal pathways for direct heat effects on working people (45).
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Pathways of heat's impact
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Figure 1

Framework of causal pathways for direct heat effects on working people (45).
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For workers in the US heat exposure is likely to dominate

When you were born, the Atlanta, Georgia area could expect
about per year to reach at least 90 degrees.
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For workers in the US heat exposure is likely to dominate

Today, the Atlanta, Georgia area can expect at or above

90 degrees per year, on average.
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For workers In the US heat exposure Is likely to ominate

2067 |
Age 80

2017

Avg. number of days P
at or above 90°F 1987
Born

By the time you're 80, models show there could be E of these
very hot days. The likely range is between 65 and 101 days.




For workers In the US heat exposure is likely to dominate

250

225
200
175
150
125
100
80
60
40
20
10
5

Days > 95°F/35°C

Additional days above 95F that each county in the US will experience by 2080-2099 under the
RCPA4.5 scenario (UChicago Climate Impact Lab).
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We should think of heat primarily as a multiplier

Heat reduces attention, concentration, and focus.

Relative Performance

— COMPOSite Weighted
———— 5ampe Size weighted

\
© - | commmessns unweghted \.

L} ) T T L]
15 20 25 30 35

Fio. 1.—Test in progress inside hot room. Ro. 2. Temperature (°C)
(Mackworth, 1947) (Seppanen et al, 2008)
This exacerbates the risks in already dangerous occupations and workplaces.




What Is the magnitude of the multiplier effect?

We use 12 million injury claims from the universe of worker compensation
claims in California from 2001-2017 to answer two questions.

1. What is the relationship between temperature and workplace safety
and injuries?

2. What is the role of policy in facilitating adaptation and worker
protection?

Heat and workers Stanford University



Worker injuries increase on hot days

All Injuries (IHS), Zip Code/Day
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Unsurprisingly, hot days increase heat related injuries more...

Heat related injuries — heat syncope, heat rash, heat stroke, etc.

- Aday between 90-95° F increases heat related injures by 276% relative to the
average day.

« Aday over 105° F increases heat related injures by 760% relative to the average
day.
«  We find no effect for days between 80-85° F

M. M.

Non-heat related injuries — “fall, slip, or trip”; “moving part of machine”; “lifting”; etc.
- Aday between 80-85° F increases injures by 3.2% relative to the average day.
- Aday between 90-95° F increases injures by 4.5% relative to the average day.
« Adayover 105° F increases injures by 6.1% relative to the average day.

Stanford University



...but base rates mean non-heat injuries are a bigger danger

On average there were 850 heat related
Injuries per year from 2000-2018 in
California.

There were roughly 645,000 non-heat
related injuries per year over the same
time-period.

Our estimates imply that roughly 4,500 of
those were due to heat raising injury
risks.
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What does this mean from a policy standpoint?

California is one of only three U.S. states that currently have mandatory
heat standards for workers.

When the California standard was implemented in 2005 it was the only mandatory
standard in the country.
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The policy appears to have reduced injuries
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What about the impact of pollution?




~ What about the impact of pollution?

PERSPECTIVE

The changing risk and burden of wildfire in the United
States

Marshall Burke, Anne Driscoll, @2 5am Heft-Neal, 2 Jiani Xue, @2 Jennifer Burney, and @& M.
+ See all authors and affiliations

PNAS January 12, 2021 1138 (2) e2011048118; hitps:/fdoi-org.stanford.idm_oclc.org/10.107 3/pnas.2011048118

Edited by B. L. Turner, Arizona State University, Tempe, AZ, and approved November 24, 2020 (received for review June
30, 20209
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Smoke contribution to overall PM2.5
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Wildfire vs heat

Projections suggest 50-200% increase in area burned by end of century.

Burke et al 2020: 50% wildfire increase - 9-20 deaths per 100k old age

Compare: heat-related mortality (ACP 2015; Hsiang et al 2017):

C ' Mortality

& 3

By far the largest source of economic
damage in the US!

-40 -
+4C --> 20 per 100k deaths
o 1 2 3 4 5 6 7 8
Temperature change (°C)
2080-2099 relative to 1980-2010

1 2 3 Bl 5 6 7

50803000 alitive o 1BST-1000 ) )
Hsiang et al. Science 2017;356:1362-1369 Stanford University




What does this mean for social cost of carbon?

Mortality is the largest source of economic
damages from climate change in the United
States.

Most estimates of the social cost of carbon do
not fully capture our understanding of the
mortality costs of climate change as of 2017.

That understanding, in turn, does not account for
the increased risk of workplace injury due to
heat.
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Lessons

The impacts of climate change on worker health are not fundamentally
different than the impacts on non-workers. But the work environment can
exacerbate these impacts.

Climate change, and heat in particular, will act as a multiplier; increasing
the existing risks in a given workplace. This indirect effect is likely to have
substantially larger welfare impacts than any direct impacts.

The consequences of climate change for worker safety have not yet
(substantially) been incorporated into thinking about policy responses to
climate change or calculations of the social cost of carbon. Doing so would
likely raise these costs significantly.

Stanford University



